Introduction
diurnal rainfall characterized by multiday variations. To characterize the variability of this 144 diurnal cycle, a volume rainfall threshold was used to designate precipitation as having a 145 strong or weak diurnal cycle. The value of the threshold was set to 38.6 m hr -1 km 2 , which 146 was twice as high as the standard deviation of volume rainfall. Based on this designation, 147 there were 10 (9) days with a strong (weak) diurnal cycle.
148
The low-level shore-normal wind component observed by radiosonde exhibited 149 pronounced diurnal variation (Fig. 2b) . A relationship existed between the intensification 150 of offshore winds (negative values) from the lower to upper troposphere and the 151 occurrence of strong diurnal precipitation. Low-level offshore wind shear (negative 152 values) was enhanced on days with a strong diurnal cycle (Fig. 2c ). Specific humidity 153 derived from radiosonde data also exhibited pronounced diurnal variation (Fig. 2d ). From 154 1 to 7 December, relatively dry air, as evidenced by a decrease in specific humidity, was 155 observed in the 800-400-hPa layer. However, the decrease in humidity was not as drastic 156 as the dry-air intrusion induced by MRGWs (e.g., Numaguti et al. 1995; Yasunaga et al. 157 
2010).
158 Figure 3 shows the bandpass-filtered 700-hPa wind field from the GPV data. During 159 strong diurnal cycles, northeasterly (offshore) wind perturbations dominated over the 160 radar domain (Fig. 3a) . Conversely, southwesterly (onshore) wind perturbations prevailed 161 during weak diurnal cycles (Fig. 3b ). Northeasterly and southwesterly winds around the 162 study site blew from and into the equatorial region, respectively, where they were 163 sandwiched between two counter-rotating gyres. These circulation patterns match the 
169
Strong (weak) diurnal cycles occurred with the intensification of MRGW-induced 170 offshore (onshore) wind perturbations (Fig. 3d ). The coincidence of strong (weak) diurnal 171 cycles and the intensification of offshore (onshore) wind perturbations was also evident 172 in Fig. 4a . These results are consistent with sounding data (Fig. 2b) , which showed the 173 intensification of offshore winds during strong diurnal cycles. In particular, period-174 averaged wind perturbations in the middle troposphere were offshore (onshore) in each 175 period of strong (weak) diurnal cycles ( Fig. 4b ). 
201
The above results suggest that the radar-derived strong and weak diurnal cycles are 202 mainly driven by offshore and onshore wind oscillations, respectively, induced by the 203 propagation of MRGWs. Hereafter, offshore and onshore wind regimes induced by 204 MRGWs are referred to as MRGW-offshore and MRGW-onshore wind regimes, 205 respectively. In the following two sections, diurnal precipitation cycles and the local 206 environment are compared between the radar-derived strong and weak diurnal cycles, in 207 other words, between the MRGW-offshore and MRGW-onshore wind regimes, 208 respectively. The vertical extent of convective echoes differed between the two regimes ( Fig. 7) .
246
Occurrence frequencies of ≧ 12% extended beyond an altitude of 14 km at 1500-1600 247 LST during the MRGW-offshore wind regime (Fig. 7a) ; however, they did not reach 12.5 248 km during the MRGW-onshore wind regime (Fig. 7b ). Furthermore, occurrence 249 frequencies of ≧ 24% could reach as high as 10 km over both the land and ocean during 250 the MRGW-offshore wind regime, while the maximum occurrence frequency was less 251 than 24% during the MRGW-onshore wind regime. These results imply the development 252 of deeper diurnal convection during the MRGW-offshore wind regime as compared with 253 the MRGW-onshore wind regime.
254 Figure 8 shows the vertical distribution of the hourly occurrence frequency of specific 255 differential phase (KDP) exceeding 0.3° km -1 in stratiform echoes. This threshold of KDP 256 is above the typical measurement error of KDP at C band (~0.2° km -1 ; e.g., Bechini et al. when diurnal convection occurred mainly over the ocean (Fig. 6 ), convective FADs 286 indicated that the occurrence of reflectivity values of > 40 dBZ in the MRGW-offshore 287 wind regime was larger as compared with those in the MRGW-onshore wind regime.
288
Over the ocean, mean convective reflectivity values near the surface under the MRGW-289 offshore wind regime were approximately 2 dBZ larger than those of the MRGW-onshore 290 wind regime. These results indicate that diurnal convection, especially that which evolves 291 over the ocean, is stronger under the MRGW-offshore wind regime than under the 292 MRGW-onshore wind regime.
293 Figures 9c and 9d showed that the occurrence of relatively high reflectivity was 294 enhanced above the melting level (~5 km) in stratiform FADs for both regimes, related to 295 increased reflectivity aloft in convective FADs (Figs. 9a and 9b ). The enhancement of 296 stratiform reflectivity above the melting level occurred below the region with an increased 297 presence of higher KDP values (Fig. 8) , and was concentrated at heights of 6-8 km, where 298 environmental temperatures ranged from −5 to −17°C. These results imply that the 299 enhancement of stratiform reflectivity above the melting level can be attributed to 300 processes such as aggregation (Houze 1993; Bechini et al. 2013 ). Similar to previous 301 studies (e.g., Kennedy and Rutledge 2011; Kumjian and Lombardo 2017), the 302 enhancement of KDP and reflectivity values above the melting level was also linked to an 303 increase in the intensity of stratiform echoes below the melting level. This linkage 304 suggests that the development of ice hydrometeors in stratiform clouds leads to the 305 intensification of stratiform precipitation. 306 Stratiform FADs showed that the occurrence of reflectivity values of > 30 dBZ under 307 the MRGW-offshore wind regime was larger as compared with that of the MRGW-308 onshore wind regime (Figs. 9c and 9d ). Mean stratiform reflectivity values below 8 km 309 during the MRGW-offshore wind regime were also larger than those during the MRGW- during the MRGW-offshore wind regime were approximately 4 dBZ larger as compared 312 with those during the MRGW-onshore wind regime. These results suggest that diurnal 313 stratiform precipitation during the MRGW-offshore wind regime was also stronger as 314 compared with the MRGW-onshore wind regime. The time series of convective volume rainfall indicated that both regimes displayed 321 two major diurnal peaks (Figs. 10a and 10b ). The first peak occurred near 1500 LST and 322 the second near 2200 LST, coinciding with convection development over the land and 323 ocean, respectively (Fig. 6 ). There was a tendency for stratiform rainfall to peak following 324 convective rainfall (Figs. 10a and 10b ), in agreement with the result of enhanced 325 stratiform precipitation following convection, as shown in section 4 ( Figs. 7 and 8) . These 326 results indicate that the phase of the diurnal cycle is similar for both regimes. The peak 327 timings of land and ocean based diurnal precipitation are consistent with previous studies 328 (e.g., Mori et al. 2004; Kawashima et al. 2006; Sakurai et al. 2011; Yokoi et al. 2017) .
329
The volume rainfall of convective and stratiform precipitation over both the land and 330 ocean during the MRGW-offshore wind regime were much larger as compared with the 331 MRGW-onshore wind regime. The two convective rainfall peaks of the MRGW-offshore 332 wind regime were at least twice as high as those of the MRGW-onshore wind regime and 333 a similar pattern was apparent for stratiform rainfall peaks. These results indicate that the 334 amplitude of diurnal precipitation differs markedly between the two regimes, leading to 335 14 the conclusion that the MRGW-offshore wind regime is favorable for the occurrence of 336 more intense rainfall over both the land and ocean. under the MRGW-offshore wind regime. Figure 11 showed that compared with the 353 MRGW-onshore wind regime, the sea-breeze circulation during the MRGW-offshore 354 wind regime was coincident with a larger shore-normal temperature gradient at low levels 355 over the coastal ocean.
356
A land-breeze circulation also developed regularly in both regimes. The offshore 357 propagation of diurnal convection from ~1700 LST (Fig. 7) was coincident with a 358 decrease in low-level onshore flow over the study site (Figs. 10c, 10d, 10g and 10h) , It appears that the MRGW-offshore wind regime favors the development of intense 377 diurnal convection and precipitation (Figs. 7, 10a and 10b) . The presence of low-level 378 convergence and upper-level divergence during the MRGW-offshore wind regime ( Fig.   379 4e) is crucial for intense diurnal precipitation, because such a large-scale dynamic 380 structure of the atmosphere is crucial for the growth of convection in the tropics (e.g.,
381
Cotton and Anthes 1989).
382
Sea-and land-breeze circulations are the two local circulations primarily responsible 383 16 for triggering diurnal cycles of precipitation over Sumatra. Through interactions with 384 these local circulations, the intensification of the offshore wind component and low-level 385 offshore wind shear during the MRGW-offshore wind regime can also favor the 386 development of intense diurnal convection and precipitation; this is due to two main 387 aspects.
388
First, the coincidence of the larger shore-normal gradient of temperature and the 389 stronger sea-breeze flow during the MRGW-offshore wind regime ( Figs. 10c and 11a) 390 implies that the intensification of large-scale offshore winds in this regime (Fig. 4a ) 391 facilitates the strengthening of the shore-normal gradient of temperature, thereby 392 benefiting the development of the sea breeze through frontogenesis. Such a process is 393 similar to the influence of large-scale winds on sea breeze illustrated by previous studies 394 (e.g., Bechtold et al. 1991; Arritt 1993; Atkins and Wakimoto 1997) . In turn, the enhanced 395 sea breeze facilitates the development of strong diurnal convection and precipitation over 396 land ( Figs. 7a and 10a ) and the formation of the colder land breeze (Fig. 10e) .
397
In addition, since the circulation associated with offshore wind shear rotates in the 
